Ž . fluctuations is to cause a reduction in the quasi-particle density of states DOS , leading to a negative contribution in the Ž . Ž . fluctuation conductivity Lawrence-Doniach LD and Maki-Thompson MT contributions. We have analyzed paraconductivity by adding this DOS contribution to LD and MT contributions. The analysis shows that approaches based on the conventional LD model alone cannot explain the paraconductivity along ab-plane and c-axis, even when the MT contribution is included.
Introduction
With the availability of good quality single crystals of high-T superconductors, it has become possic ble to study experimentally the anisotropic properties of these materials. Such studies are important to understand the intrinsic mechanisms responsible for electric transport in these materials. The measurement of resistivities of such materials shows that the out-of-plane transport is characteristically different from the in-plane transport. Whereas the in-plane Ž . resistivity r T decreases linearly with temperature In the vicinity of the mean field critical tempera-Ž . Ž . 1r2 ture, where j T s j 0 re f s, this equation with e values varying from 0.01 to 0.1, i.e., in the mean field region, there are effectively two layers within a distance of 15 A. The data on thin films w x with their 10 c-axis oriented perpendicular to the substrate also agrees well with the LD model, showing a dominating 2D behavior within the range y5.0 Ž . F ln e F 0.7.
In all these measurements, a linear in-plane back-Ž . ground r T resistivity has been subtracted from behavior along the c-axis with a peak close to T . We have analyzed our experimental fluctuation conductivity in both the directions with LD conductivity Ž . 1 together with the DOS contribution and with the indirect MT contributions calculated by Dorin et al. w x 11 . Our calculations show that this theory predicts a quantitative agreement with our experimental data for both the directions.
Experimental details
We have grown BSCCO single crystals by the w x self flux method using Li CO as the charge 15 . Li CO were used as starting materials. The starting 2 3 composition of approximately 15 to 20 g was taken Ž according to the formula Bi Sr CaCu Li y s 2 2yy 2yy y . 0.5 . The mixture, in a 30 ml alumina crucible, was heated rapidly to 8508C and soaked for 5-10 h at this temperature to allow it to melt properly. The melt was then cooled slowly at a rate f 0.58Crh to temperature 8008C for crystallisation to take place. Then, it was cooled to room temperature at a faster rate f 508Crh. Platelet crystals typically having dimensions 2 mm = 1 mm= 0.02 mm were formed inside the melt-mixture. These crystals were removed mechanically from the crucible.
These crystals were characterised by X-ray Ž . diffraction XRD , scanning electron microscopy Ž . SEM , and EDAX analysis. The XRD patterns for the crystals were recorded after crushing them into Ž . powders. The exclusive presence of 00 l reflection indicates that the crystals are oriented with the c-axis normal to the large surface of the crystal. SEM shows that the platelets consist of agglomerates of thin plate-like crystals having edges of about 2 mm and thickness 0.02 mm. The crystals show smooth surfaces. EDAX analysis gives the composition of the elements inside the crystals. We have chosen some crystals randomly from the melt. The results at different positions of a particular crystal are given Ž . below Table 1 , which depict the homogeneity of the elements inside the sample.
Resistivity measurements
Measurements of in-plane and out-of-plane resistivities were made by employing the six terminal w x techniques, first introduced by Busch et al. 16 . On a rectangular shape crystal, six contacts were made on the two large opposite faces of the sample by means of indium micrometer soldering. As shown in The following relations were developed by Busch w x et al. 16 , taking into account the nonuniform distribution of current in the crystal, c ab
Ž . dependence of r on temperature, i.e., turning upab wards at temperature below ; 150 K has earlier been explained as arising from the misalignment of w x the Cu-O planes with respect to each other 17 . However, it could also be due to a slight deficiency w x of oxygen inside the crystal 18 .
Ž 
Theory and analysis
For all high-T materials, below a so-called on-set Ž . Ž . r T is calculated using Eq. 6 for the ab-plane n Ž . and Eq. 7 for the c-axis resistivities.
In plane fluctuation conductiÕity
The theory to study the effect of thermodynamic fluctuations on the conductivity was initially developed for low-T superconductors. magnitude as we will see below.
In zero magnetic field, all the four terms can be w 
Out-of-plane conductiÕity
The experimental data for r is shown in Fig. 4 . w x crease. Dorin et al.'s 11 model was put forward mainly to explain this behavior. The peak results because of the anisotropy in the materials. Along the c-axis in the normal state, the conduction is due to the hopping of the quasi-particles along this axis. But in the superconducting state, due to the suppression of the one electron DOS at Fermi level in the layers, lesser number of electrons will be available to tunnel along this axis. On the other hand, coherent tunnel-Ž ing of Cooper pairs gives a direct contribution i.e., . LD term along this axis, but its magnitude is re-Ž 2 . duced by P t in comparison to the in-plane 1 GL Ž . fluctuation conductivity given by Eq. 1 . Here, P 1 is the one electron interlayer hopping probability and P 2 t is the conditional probability that the pair will 1 GL tunnel coherently within its 'lifetime' t . There is a GL competition between quasi-particle tunneling associated with the DOS and this LD term. The former is less singular than the latter far away from T . This c w x competition gives rise to the peak in r 11 . 32h" e eq r Ž . Ž .
16h"
e q e q r Ž . where h s 7z 3 Õ " r32p T k .
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Data analysis
It is worth mentioning that the above equations describe the leading contributions to the conductivity arising from the thermodynamic fluctuations of the order parameter above the mean field temperature Ž mf . Ž . the following set of parameters: T s 92.06 K, r T c0 c s 0.006 and s s 27 A. The calculated curve does not pass symmetrically through the data points. In particular, for T ) 100 K, it lies consistently above the experimental value.
By adding DOS term to the LD contribution, the agreement improves as shown in Fig. 6 and the value of RMSD drops to 0.14, which is almost one third of its earlier value. This large drop in RMSD signifies that the LD contribution alone was not sufficient and that the gap remaining between this term and the data is being filled by the DOS contribution. The Ž . parameters obtained are: r T s 0.018 " 0.006, s s Thus, we have shown that the LD contribution alone is unable to explain the experimental data within the ab-plane. DOS and both MT contributions are essential to get a quantitative agreement between the experiment and the theory. starts increasing in magnitude in accordance to its singular behavior. It overtakes the DOS term giving rise to the peak in r . Further, it is observed from c Ž . Ž . Ž . Fig. 8 inset that MT reg negative in magnitude Ž . Ž . and MT an positive in magnitude contributions are comparable in magnitude, therefore, the net MT contribution becomes small and has little influence on the total conductivity.
Conclusion
We have presented the experimental results of anisotropy in resistivity in superconducting Ž . BSCCO 2212 single crystals. The ab-plane resistivity varies almost linearly with temperature above the onset temperature.
To 
